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® Th« invention re4atas to en integrated circuit photomaik. 
Tha photomask is fonnad of a tranaparant dieicctrte eubs- 
tra*a(1),euchaeojaae and quartz baaed substrates, and has 
a conductive surface aolacant region (3), which is patterned 
with sequential overcoatings of a composite chroma oxide 
layer (5) and a chroma) ffim (e% Tha mask comprises a 
combination of vartod reflectrvroes to provida proper densi- 
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Integrated Circuit Photomask 



The present invention is directed to improved photo- 
masks for lithographic processes, and more particu- 
larly to improved photomask structures for .photo and 
electron-beam (E-beam) lithographic processing in the 
5 fabrication of semiconductor devices such as integrated 
circuits and large scale integrated circuits. 

The use of lithographic technology in transferring 
patterns from masks to semiconductor substrates in 

10 the fabrication of semiconductor devices, such as 
integrated circuits has been highly developed and 
widely used. Photomasks, such as those employed in 
semiconductor device fabrication, are used with a 
wide variety of radiation sources, both visible and 

15 ultraviolet, as well as x-rays and electron beams. 
An example of an electron beam system is given in 
Broers et al OS Patent Mo. 3,876,883. Other systems 
employing light as a radiation source are found in US 
Patents No. 3,152,938, No. 3,458,370, No. 3,712,816, 

20 and No. 3,758,346. 

A typical mask comprises a transparent substrate , such 
as glass, quartz and the like, on which is coated a 

25 chromium pattern complementary to the pattern desired 
to be transferred to a substrate. Such mask patterns 
can also be formed of other compatible compositions 
such as chrome oxide, iron oxide, nickel and the like. 
These materials, as well as chromium can be prepared on 

30 a transparent substrate by conventional vacuum evapo- 
ration, sputtering techniques. However, since the 
reflectance of a chromium film is very high (about 40 
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to 60%) the resolution of a circuit pattern formed by 
use of the chromium mask is degraded due to multiple 
reflections between the surfaces of the mask and a 
semiconductor wafer during exposure. To overcome these 
5 problems, as so-called surface reflection-free chromium 
mask has been proposed, in which a, chro m ium oxide film 
(of about 25 nm thickness and with anti-reflection 
properties) is formed over the chromium masking film. 
Such approaches are described in US Patents No. 
10 4,139,443 and No. 4,178,403. 

A modification of these approaches is described by 
J. Stetson in "Multilayer Antiref lective Absorption 
Mask*, p. 1319 of the Oct. 1975 issue of the IBM Techni- 
cs cal Disclosure Bulletin, v. 18, n.5. In this approach a 
transparent glass substrate is initially coated with a 
layer of Cr 2 0^ by any conyentJLOiial method (such as 
sputtering in an argon-nitrogen-oxygen ambient under 
reduced pressure) followed by an overcoating of a 
20 normal chrome layer formed by well known techniques 
such as vacuum deposition, sputtering and the like* 

r 

Other methods for forming a chrome oxide coating 
include vapor deposition, oxidation of chrome coatings 
25 deposited as described above. 

Also, a glass will typically, become statically charged 
during handling, with even the spallest static charge 
attracting dust and lint particles to the glass sur- 
30 face. In the case of chrome plated glass photomasks, 
such particles, by abrasion and optical effects, will 
result in shorter service life and image degradation 
resulting in lowered process yields. 
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For additional background, attention is directed to US 
Patent No. 3,877,810 wherein the fabrication of a 
cobalt mask is described. This mask is formed by 
coating a glass plate or substrate with a conductive 
adhesion promoter for cobalt, as for example, stannic 
oxide, or In0 2 doped with Snb 2 . However, retention of 
such a tin coating on the Mask can induce transmittance 
loss, is subject to degration or removal with plasma 
and acid processing, as well as removal on stripping of 
the masking (e.g. chrome) for reprocessing to form new 
masks. 

The object of the invention is to provide a new and im- 
proved photomask structure. 

The object of the invention is achieved by a photomask 
according to claim 1. 

The photomask according to the invention is characte- 
rized with a substantial freedom from static charges 
without any significant loss of transmittance. Further- 
more, with the conductive surface of the photomask pro- 
ximity effects in E-beam lithography are substantially 
eliminated. The improved photomask according to the in- 
vention is a mask with low reflectance to reduce stand- 
ing wave effects. 

In the accompanying drawings forming a material part of 
this disclosure: 

Figs. 1 to 5 are schematic cross-sectional views 

illustrating various stages in the 
fabrication of a photomask in 
accordance with this invention. 
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It has been discovered that a small amount of tin or 
tin-indium doping of a surface adjacent region of an 
optically transparent plate provides a permanent 
conductive region which will prevent static charge 
build-up. This conductive zone can be formed by 
spraying or atomizing a solution of 1 to 10 wt% stannic 
chloride (SnCl 4 ) in 2 parts alcohol and* 1 part de- 
ionized (DI) water over the plate (e.g. glass) surface 
heated to about the annealing temperature of the glass. 
The surface is then post-heated in ambient air or 0 2 
for 5 minutes at the same tenfper ature. In general, the 
amount of solution sprayed on the surface of the glass 
plate will determine the degree of doping , and conver- 
sely, surface conductivity. Although "conductive" 
glass is made commercially in a similar way, the 
purpose here is not to make the glass conductive per 
se, but only the amount necessary to prevent static 
charge which only requires a conductivity that is 
several orders of magnitude less. 

Also, conventional conductive glasses have signifi- 
cantly lower light transraxttance of about 50 to 754 as 
contrasted to the static-free plates of this invention 
which are at 95% or better (transmittance* being- after 
doping/before doping) . 

The resistivity of the plate surface can be used to 
monitor the degree of doping, which is projected to be 
in the general range of about 10 to" about 100 megaohm 
per square. 

Another advantage of a conductive zone in the glass 
plate is that chrome mask patterns on it, can be 
stripped and the glass plate reprocessed without 
loosing the static- free aspects of the plate. Also 
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the conductive zone of the plate is not effected by 
either a plasma or wet (ceramic ammonia or potassium 
permangate) etch. 

In the next operation the plate is sequentially coated 
with films of chrome oxide (Cr 2 0 3 , Cr 2 <> 5 or Cr 2 0 ? ) and 
chromium. The chrome oxide layer which is adjacent the 
conductive surface of the plate, is deposited to a 
thickness of about 100 nm to about 120 nm, to provide a 
reflectance of about 27% to about 39%, typically 33+6%. 
It is noted that Cr 2 0 3 and Cr 2 Og can be plasma and wet 
etched, whereas Cr 2 0 ? is resistant to plasma ethcing. 
This 33% reflectance, for example, of the chrome oxide 
aids in minimizing the standing wave effect in resists 
employed in lithographic processing of semiconductor 
devices. As a result, images are not held whereas by 
going to a lower reflectivity of about 20% any improve- 
ment with the standing wave would be a disadvantage 
when it comes to overlay which chromium alone causes, 
2o by heating of the glass, which can give registration 
mismatches. In general, absorbtion plus reflection 
plus transmittance equals 100%. As the reflectivity of 
the substrate is decreased, the chrome absorbs the 
heat, expanding the plate at a high rate. When plates 
have large area of chrome versus plates with lower area 
of chrome being exposed (large clear or opaque area) , 
this heat up does not give uniform expansion of the 
glass plate causing overlay problems. A second problem 
is the IsRs reflective back from the heat-up setting up 
the photo resist, causing problems with image size. 



15 



25 



30 



35 



The bright chromium metal layer is deposited on top of 
the dark chrome, to a thickness of about 5 to about 
10 nm, as for example 7.5+2.5 nm, to. provide a reflect- 
ance of about 50 to about 65%, as for example 60%. 
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This provides a high conducting layer that aids in 
discharging any static or field build-up from E-beam 
exposure systems* Here a 7.5 run layer of chromium r 
(which is equivalent to 0.8 on the optical density 
5 scale) along with 110 nm of a 33% reflective chrome 
oxide layer provides a minimum of 3.0 density for the 
chrome oxide/chromium package* An effective density 
range resulting from the indicated thickness variations 
of chrome oxideBchromium can extend in the range of 3.0 
1Q to 4.0. Also the effective total reflectance of the 
composite chrome oxideBchromium films will be in the 
range of about 27 to 39%. 

The desired masking pattern can be delineated in the 
!5 composite chrome oxide/chrome by optical or E-beam 

lithography utilizing positive or negative resists to 
provide a resist mask complementary to the openings 
desired, at which areas the composite chromium/ chrome 
oxide is sequential wet or dry etched in accordance 
20 with conventional techniques. It may be noted that in 
etching the composite chromium/chrome oxide r it is 
permissible to slightly etch (for example, about 100 nm) 
into the conductive region of the glass plate (ghost- 
ing) . 

25 

It is also noted, that a further advantage of the 
photomasks of this invention is that it may be used in 
E-beam verification of mask pattern where the chromium 
layer would give on signal (volts) back and the con- 
30 ductive glass another. 

The photomask of this invention is comprehended to 
utilize a polished planar-parallel transparent di- 
electric plate or substrate 1 of quartz. However , as 
35 is to be understood, the plate 1 can also be formed 
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of other dielectric transparent materials such as 
glass , e.g. borosilicate glass. 

After cleaning in accordance with well known tech- 
5 niques, as for example ultrasonically in acetone, 
alcohol and warm DI water , a surface of plate 1 is 
spray coated with a layer 2 a solution of 1 to 10 wt% 
stannic chloride (SnCl^) in 2 parts ethyl alcohol 
(ethyl is preferred , but any alcohol with high vapor 

10 pressure can be used) and 1 part DI water with the 
plate heated from about 400° to about 600 °C (for 
example above the annealing temperature of glass) . 
The surface can then be post-heated at the same 
temperature for 1-10 minutes in ambient air or 0 2 * 

15 It is postulated that tin salt reduces on the substrate 
surface where it reacts by solution diffusion mechanism 
to provide the gradient conductive region 3 adjacent 
the plate surface 4, Although not critical, the depth 
of zone, or region 3 is about 50 nm to about 500 nm, 

20 typically. 

Alternately the conductive region 3 can be formed by 
sputter deposition or vacuum evaporation of a tin- 
indium layer 2 at 300°-400°C, followed by heating in 
25 Oj atmosphere to form the conductive region 3. 

The basic process as well as other processes for the 
formation of the conductive glass can be found in DS 
Patents No. 2,919,212, No. 3,019,136, No. 3,436,257, 
30 No, 3,607,177, No, 3,877,810 and No. 4,086,073. 

In the next step, a chrome oxide (e.g. Cr 2 0 3 , Cr 2 0 5 or 
Cr 2 0 ? ) layer 5 is formed over the plate surface by 
sputter deposition from a Cr 0 source or by use of an 
35 enriched or 0~ plasma. Alternately, the chrome oxide 
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layer 5 can be formed by vacuum evaporation utilizing 

c , n as a source material or by vacuum evaporation in 
x y 

which chromium is evaporated in a vacuum under a 
pressure of oxygen of from 1.33x10"* to 10 mbar. 

5 A conventional chromium evaporator can be used with an 
oxygen bleed valve for admission operating pressures. 
The operation is controlled so that the thickness of 
the chrome oxide layer 5 will be in the range of 100 nm 
to about 120 nm, corresponding to a reflectance of about 

10 27% to about 39%, preferably 33+6%. 

Another method for forming the chrome oxide layer by 
spray coating can be found in US Patent No. 2,919,212. 

15 The chrome oxide layer 5 is subsequently overcoated 

with a chromium metal film 6 , which can be effected in 
the same vacuum evaporation unit with the bleed valve 
closed and the unit purged. Alternately, the chromium 
film 6 can be formed by sputter deposition. The 

20 chromium film 6 will be deposited to a thickness of 
about 5 nm to about 10 nm, as for example 7.5+2.5 nm, 
corresponding to a reflectance of about 50 to about 
65%. These composite chromium/ chrome oxide films or 
layers 6/5 will provide a total reflectance of about 27 

25 to about 39%. Also this composite will provide an 

optical density of at least 3.0 (which is approximately 
0.01 transmittance) , which will prevent passage of UV 
light. 

30 The plate structure is then covered, over chromium film 
6, with a blanket layer 7 of a standard resist material 
by any well known process, such as spin coating, dip 
coating, roller coating, spray coating and the like. 
Positive and negative resists can be used, preferably 

35 the positive resists such as a cresol formaldehyde 
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resin containing an o-quinone-diazide commercially 
available as Shipley's AZ-1350. Illustrative of the 
negative resists is KTFR of Kodak which comprises a 
polyvinyl cinnamate. 

5 

The pattern of openings 8 is formed in resist layer 7 
by conventional exposure and development techniques 
such as uv, x-ray and electron beam lithographic 
techniques , optionally preferred by programmed control 
10 of the radiation beam. The resist mask 7 is then 

employed for removal of the exposed chromium/ chromide 
oxide composite areas 9 by wet or dry etching tech- 
niques. These exposed composite regions 9 can be 
removed by chemical etching, sputter etching, plasma 
15 etching, reactive ion etching or other suitable Mans 
to provide the transparent regions 10 of the photomask 
11 shown in Fig. 5. By having a bright chrome/non- 
oxide chrome on the top surface it aids in the removal 
of the total metallic surface to be removed. Chrome is 
20 removed by oxidation, chemical or plasma/ reactive ion 
etching. By not having the chrome oxide on the top 
surface it allows for the chemical reaction to take 
place without getting or making the surface a (Cr 3 o 7 ) 
chrome oxide that cannot be removed if the initial 
25 reaction is slow, and not complete. In the etching of 
• the composite region 9, it is permissible to etch 

slightly into the conductive region 3 (ghosting) which 
does not remove all of the conductive layer at the 
etched regions. Such etching of the conductive region 
30 3 can be, illustratively about 100 nm. In general the 
conductive region is resistant* to etching, and 
is generally not effected by either plasma etching 
or wet etching (eerie ammonia) . Other known wet 
etching systems can also be used, such as potassium 
35 permangate and acid etches. 
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The resultant, photomask 11 is characterized with a 
conductive surface which minimizes proximity effects in 
E-beam exposure* Also the photomask provides a con- 
ductive glass surface to provide a signal return for 
5 E-beam mask inspection. In addition, the low reflec- 
tivity ( § 33%) of the photomask minimizes standing wave 
effects for optical lithography. Further, the photo- 
mask 11 controls contamination by virtue of the con- 
ductive region 3 which on grounding zeros out all 

10 static charges that attract contamination. Also, by 
having the chromium layer 6 overlying the chrome oxide 
layer 5, undercutting is prevented during etching of 
the composite, in contrast to the reverse order where' a 
two cycle etch would be required to minimize undercutt- 

15 ing of the chromium layer. 

As indicated above, the chromium layer 6 is about 50%+ 
reflective for a thickness of 5 to 10 nm, which in 
addition provides a high conductive layer to aid in 

20 discharging any static charge or field build up from 
E-beam exposure systems. Also the indicated thickness 
of the chromium layer 6 provides an optical density of 
0.8 when in combination with the 33% reflective chrom 
oxide layer 5 gives a minimum density of 3.0 (approxi- 

25 mately 0.01 tr ansmi ttance ) for the total chromium/ chrome 
oxide composite. The +3.0 density is required for deep 
ultraviolet exposure systems, which clocks rays below 
300 nm, from getting through the opaque (chromium/chrome 
oxide) areas. 

30 

While the invention has been illustrated and described 
with respect to preferred embodiments of this inven- 
tion, it is to be understood that the invention is not 
limited to the precise construction herein disclosed 
35 and the right is reserved to all changes and modifica- 
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tions coming within the scope of the invention as 
defined In the appended claims. 
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Claims 

1. Photomask comprised of a transparent dielectric 
(1) having a transparent conductive zone (3) 
therein coextensive with and adjacent a surface 
(4) thereof , and mask on said surface having a 
predetermined pattern of opaque extensions of 

a first film (5) on said surface and of a second 
film (6) on said first film delineating a desired 
pattern of complementary transparent areas (10) 
through substrate (1). 

2. Photomask of claim 1 wherein substrate (1) is 
selected from glass and quartz based substrates. 



3. Photomask of claims 1 and 2 wherein zone (3) 

15 comprises a region doped with additives selected 

from the group of tin and indium. 

4. - Photomask of claim 3 wherein zone (3) comprises 

a tin doped region, said tin displacing oxygen 
20 in substrate (1) . 

5. Photomask of claim 1 wherein first film (5) has 
a reflectance of 33%+6%. 

25 6. Photomask of claims 1 and 5 wherein second film 
(6) has a minimum reflectance of 50%, with the 
total reflectance of first film (5) and second 
film (6) in the range of 27 to 39%. 

30 7. Photomask of claim 1 wherein first and second 

film (6) have a combined minimum optical density 
of at least 3. 
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8. Photomask of claim 1 wherein the predetermined 
pattern comprises a first film (5) selected from 
the group of Cr 2 0 3# Cr 2 0 5 , and C^O^ and a second 
film (6) of chromium on said first film. 

9. Photomask adapted for E-beam lithography comprised 
of 

a transparent dielectric substrate (1) having a 
first surface (4) adjacent coextending region (3) 
doped with tin converting said region into a 
transparent electrically conductive layer, with 
said region spaced from the opposite surface of 
substrate CD; 

a first film (5) on first surface (4) adjacent 
region (3) , with said film selected from the 
group consisting of Cr 2 0 3 and Cr 2 0 5 ; and 

a chromium second film (6) over first film (5) „ 

10. Photomask of claim 9 wherein first and second 
films (5,6) are coextensively delineated in a 
predetermined pattern of opaque and transparent 
areas (10) on substrate (1) ♦ 
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